Since 1991, the European Utility Requirements (EUR) organisation has been actively developing and promoting harmonised technical specifications for the new mid-and large-size LWR designs to be proposed by the Vendors in Europe. The EUR Document consists of a comprehensive set of requirements covering the whole Nuclear Power Plant (NPP). It encompasses all aspects (safety, performance, competitiveness) and all parts of a NPP (nuclear island and conventional island). The Document can be used by the Utilities (guide for design assessment, technical reference for call for bids) and by the Vendors, as a technical guide. The harmonisation which is sought by the EUR aims at delivering the safest and most competitive designs based on common rules shared all over Europe. Fourteen nuclear operators across Europe are members of the Organisation.
INTRODUCTION
The development, the design and the licensing of the existing Generation II Light Water Reactor (LWR) plants in Europe had been performed on a national basis with little interaction between countries. To overcome this weakness, in 1991 a group of five major European electricity producers formed an organisation to develop the European Utility Requirements (EUR) Document. The EUR organisation nowadays gathers fourteen Utilities (see Figure 1 ) which represent major European electricity producers operating a nuclear fleet of more than a hundred LWRs. Some of them have already started, are building or planning to build new reactors.
The early drafts of the EUR Document were produced in 1992, in coordination with the development of the Utility Requirements Document (URD) in the US, which was undertaken by the Electric Power Research Institute (EPRI). Indeed, at that time, the EUR utilities were also contributing to the US Advanced Light Water Reactor (ALWR) program, and more specifically to the development of the URD. CEZ  CZECH REPUBLIC  EDF  FRANCE  EDF Energy  UK  ENERGOATOM  UKRAINE  FORTUM  FINLAND  ENGIE/TRACTEBEL  BELGIUM  GENENERGIJA  SLOVENIA  HORIZON  UK  IBERDROLA  SPAIN  MVM PAKS II  HUNGARY  NRG  NETHERLANDS  ROSENERGOATOM  RUSSIA  TVO The focus of the EUR organisation is the development of common specifications for new Gen III designs to be proposed by Vendors in Europe and their promotion at the international level. The European Utilities involved in the EUR organisation aim at harmonising and stabilising the conditions in which the LWR NPPs to be built in Europe will be designed, built, commissioned, operated and maintained.
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The harmonisation of the requirements is sought in the following fields:
• safety approaches, targets and assessment methods, • design conditions, design objectives and criteria for the main systems and equipments, • equipment specifications and standards, • information required for the assessment of safety, reliability and cost, and some of the corresponding criteria, allowing the development of standard designs that can be built and licensed in several European countries with only minor variations.
As a general objective, the EUR organisation promotes the development of NPPs providing robust behavior and sufficient autonomy with respect to operator actions, as well as for water and power supplies. The EUR Document requires the NPP to be designed so as to have a low environmental impact on its surrounding environment and on the population by minimizing radioactive and chemical releases in all normal and accident conditions.
The EUR Document is endorsed by the major European electricity producers and is considered as the reference technical document for developing new NPPs and for the bidding of new Generation III projects. It has already been used as a technical basis for bidding purposes in several countries in Europe but also outside Europe.
THE EUR DOCUMENT
The EUR Document [1] provides a comprehensive set of requirements for Generation III NPPs written by the Utilities themselves, i.e. potential investors in the new designs proposed by the Vendors. The requirements are based on the international design and operation experience which has been accumulated for more than four decades.
Figure 2: the EUR Document
The EUR Document covers the entire plant up to the grid interface. It is therefore the basis for an integrated plant design (i.e. Nuclear Island and Power Generation Plant). The EUR Document emphasises those areas which are most important for the optimisation of the design with respect to safety, performance, constructability and economics.
The Document applies to both Pressurised Water Reactors (PWRs) and Boiling Water Reactors (BWRs). Only LWR plants are dealt with. Other types of plants are not considered to have shown sufficient operating experience to be built, licensed and operated in Europe in the short term, and only a very few projects of non-LWR plants are scheduled in the future in Europe.
The EUR Document [1] is structured into four volumes (see Figure 2 ):
• Volume 1 "Main policies and objectives" including three chapters: chapter 1.1 "Introduction to EUR" presenting the organisation's objectives, chapter 1.2 "EUR policies" presenting the key policies driving the EUR requirements and chapter 1.3 "EUR synopsis" providing an overview of the Document itself.
• Volume 2 "Generic and Nuclear Island requirements" contains all the generic requirements and preferences of the EUR utilities for the Nuclear Island, and common requirements for Nuclear Island and Power Generation Plant. This volume contains more than 4000 requirements. The EUR policy is to have a core of strong generic requirements expressed as objectives or functions as far as possible. Several of these requirements are kept open, i.e. they provide only a design methodology and objectives that can be implemented in several ways by the plant designer. The structure of the current Volume 2 is described on Figure 3 .
• Volume 3 "Application of EUR to specific designs" consists of a number of subsets, each one being dedicated to a specific design that is of interest to the participating utilities and that has been assessed by the organisation against the EUR requirements. Each subset contains a description of a standard Nuclear Island, a summary of the analysis of compliance vs. the EUR Volumes 1 and 2 and, where needed, design dependent requirements and preferences of the EUR Utilities. The list of designs that have been assessed as of the publication of this paper is shown on Figure 2 .
• Volume 4 "Specific Power Generation Plant requirements" contains the generic requirements (more than 1000) related to the Power Generation Plant. The EUR Document has been regularly updated in order to accommodate the evolution of the regulatory and industry background as well as to take into consideration the feedback of experience from design, licensing, construction and operation. The Document has been published in successive revisions (see Figure 2) .
The Revision D of the EUR Document has been recently used as a basis for bidding processes for new build projects in Europe, for example in Hungary.
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CONTENT OF EUR REVISION E
One of the primary objectives assigned to the EUR organisation in the 2013-2015 roadmap issued in March 2013 was to launch a new major revision of the EUR Document. In order to define the technical scope of this project, the Utilities prepared during the second half of 2013 a set of position papers on 15 technical fields for which they identified a need to revise the EUR Document. These high-level position papers were used as a support for the EUR Steering Committee to discuss the proposed orientations for changes. Based on this preliminary work, the Steering Committee decided during the first Quarter of 2014 the final technical scope for the Revision E Project which was officially launched in April 2014.
For each of the main technical fields retained for the Revision E Project, Topical Working Groups (TWGs) were launched with experts coming from the different EUR utilities. The main technical updates for the EUR Revision E Project are summarised below for each field:
• Safety requirements: the major objective of Revision E Document here was to revise in depth the Revision D Chapter 2.1 "Safety Requirements" by working at the same time on the structure and on the technical contents of the chapter.
-The revision of the structure of the chapter results in a document which is more easily usable for bidding and licensing purposes. The new chapter systematically proposes functional requirements which are organised in a structure similar as other international standards (in particular IAEA SSR-2/1). -Regarding the technical changes, the major ambition was to derive EUR requirements which are in line with the newest international safety standards, in particular the recent versions of IAEA and WENRA documents [3] [4] [5] [6] . The new EUR Chapter 2.1 gives guidance on how the IAEA and WENRA high-level requirements can be interpreted and applied in the European context. Indeed, the first technical task of the Safety TWG was to write down more detailed technical position papers on the main Safety Objectives proposed by WENRA [5] . -Regarding the Safety Classification, a dedicated TWG was also set up in 2014 and has been working on the revision of the safety classification requirements in the EUR Document. The work was mainly based on two kinds of inputs: the most recent international references, in particular the IAEA and IEC standards [7] [8] and the recent licensing experience gained from the new build projects in Europe. -All available lessons learned from the Fukushima accident were examined by the Utilities and integrated when valuable in the Revision E EUR Document Chapter 2.1 (safety requirements) and other connected chapters. The aforementioned IAEA and WENRA sources already provided significant technical inputs for this work. (I&C) which had not been revised in detail for years. The new safety standards already mentioned take into account more specific I&C standards [7, 8] which have been recently or will soon be issued by international organisations (e.g. [9] ). The updated chapter endorses these key high level documents and specifies Utility requirements regarding the availability, maintenance and more generally all aspects not related to safety but which are of primary importance to the Utility. It emphasises the importance of keeping the architecture simple. Lessons learned from the recent licensing processes in Europe have been taken into account.
The other main technical fields for which Topical Working Groups have been set up, and have delivered significant updates for the Revision E, are mostly:
• Seismic Approach, • Probabilistic Safety Assessment, • Layout, • Grid connection, • Pipe Break preclusion.
In addition to the technical changes listed above, the overall structure of volumes 2 and 4 has been significantly improved, in order to ease the legibility and also to merge requirements which are common to the nuclear island and the conventional island. Requirements which are specific to the Conventional Island are kept in Volume 4, whereas common requirements are grouped in Volume 2. Relevant labels are added into Volume 2 requirements so as to identify nuclear island specific requirements.
4.
OTHER RECENT ACHIEVEMENTS
The 2016-2018 EUR Roadmap
After roadmap 2013-2015, the EUR Steering Committee decided to set up a new roadmap for the next three years. This new roadmap was worked out within a few months and has been issued after approval by all the EUR members in June 2016.
This document summarises the vision of the EUR members and their main priorities for the future. The roadmap includes an ambitious action plan for the period 2016-2018 for which the EUR members committed to work actively by providing sufficient in-kind resources. Four major objectives are defined:
• Enhance impact of EUR organisation, by developing its influence on Vendors and Regulators through, and in collaboration with, European nuclear industry forums (ENISS, FORATOM, CORDEL, …) • Issue EUR Document revision E, so that it remains a major reference technical document for developing new NPPs and harmonising new projects in Europe • Continue with best endeavours to respond to new reactor design assessment requests from Vendors, who are interested in getting a sound review of their design versus an internationally recognised reference • Propose position papers for a potential future revision by analysing feedback from revision E and assessments, and identifying innovations which could improve reactor competitiveness in the future.
Performance of new design assessments
From October 2012 to October 2014, the EUR Organisation performed the assessment of the Japanese Mitsubishi Heavy Industries (MHI) EU-APWR design. This was the first time that a design was assessed against the Revision D of the EUR Document.
The EU-APWR is an Advanced PWR, 1700 MWe class, 4-loops, 14ft active core fuel length that MHI has developed for the European market. The EU-APWR is an evolution of the Advanced PWR currently under the licensing process in Japan. MHI modified the design applying safety and economical improvements in order to comply with the EUR requirements: 4 active safety trains, some passive features, a single containment with liner and a core catcher.
The overall results of the assessment process indicate the good compliance of the EU-APWR Standard Design with EUR requirements. In October 2014, the EUR Steering Committee approved the final technical report for this assessment and Subset H of the EUR Volume 3 was issued in January 2015 [10] . More details on the assessment methodology and the technical results can be found in [11] [12] .
Taking advantage of this design assessment exercise, the EUR organisation also worked in 2013 on the optimisation of the EUR assessment process itself. This work aimed at improving the efficiency of the next design assessments and in particular to minimise their duration. The preliminary work which has to be performed by the vendor before launching the assessment by the EUR utilities has been clarified. The different steps of the preparation phase and of the assessment phase itself have been explicitly described in a EUR document titled "Generic Assessment Principles" [13] . This document can be circulated and commented to the Vendors right from the very preliminary steps of the assessment. In addition, a "Standard Project Manual" has been developed in order to provide both the team of Utilities and the Vendor with a detailed basis for deriving their specific Project Manual.
Two design assessments are ongoing now against EUR Rev D Document:
• EU-APR, designed by South Korean KHNP. This is the European version of APR1400, with enhanced level of safety. 8 units of APR1400 are under construction in South Korea and in United Arab Emirates. EU-APR is a 1,400MW PWR, 2 loops with 4 active safety trains, some passive features, a double containment with liner and a core catcher. Eight EUR Utilities are participating to the assessment project, which began in September 2015, and is scheduled to be completed by mid-2017.
• VVER TOI, designed by AEP (AtomEnergoProekt Moscow). This is a new design of GEN III VVER, and a simplified evolution of AES-92 and AES-2006. Several AES-92 and AES-2006 have been commissioned or are under construction in Russia, India and Belarus. VVER TOI is scheduled to be constructed soon in Russia. VVER TOI is a 1,250MW PWR, 4 loops with 2 active trains and a full set of passive features, a double containment with liner and a core catcher. Five EUR Utilities are participating to the assessment project, which begun in November 2015, and is scheduled to be completed by end 2017.
Communication and interaction with stakeholders
Being an internationally recognised organisation, the EUR includes in its roadmap for the period 2016-2018 an active communication plan in order to maintain a strong influence in the field of New Nuclear Projects.
• One of the main objectives of the communication plan is the promotion of the EUR Document so that it remains an international reference used by both designers and utilities for their new build projects.
• For training and dissemination purposes, the EUR organisation proposed a three-day technical course on the Revision D for its members. This training session was hosted by MVM in Paks, Hungary, in March 2014. New training sessions will be organised in the future for Revision E and some of them could be open to non EUR members.
• The external communication was also improved with a reinforced presence in international nuclear engineering conferences. The website of the EUR organisation [14] provides the EUR members, the external stakeholders and the public with clear and easy accessible information on the EUR.
• Keeping a very active interaction with other international stakeholders is also one of the main priorities of the 2016-2018 roadmap.
The EUR organisation coordinates with the European Nuclear Installations Safety Standards initiative (ENISS [15] ) which was launched in 2005 within FORATOM in order to strengthen the interaction between the European nuclear industry and the WENRA association.
The EUR also interacts with the working group on the Cooperation in Reactor Design Evaluation and Licensing (CORDEL) which was created in 2007 under the auspices of the World Nuclear Association (WNA). This group shares the same objectives as the EUR organisation in terms of harmonisation and standardisation of the designs and licensing processes [16] .
The strong need for interaction between the EUR, ENISS and CORDEL was reaffirmed through a joint statement signed in September 2012 by the three chairmen of the organisations. EUR, ENISS and CORDEL committed to inform themselves mutually of their activities. ENISS has clearly the lead for the interaction with the WENRA organisation. ENISS provides WENRA with the comments coming from the Utilities, which usually have been prepared jointly with the EUR organisation (at least for the topics related to new NPP designs). Both ENISS and CORDEL have a seat as observers at the Nuclear Safety Standards Committee (NUSSC) of the IAEA and therefore can promote the views of the nuclear industry in this important organisation.
The EUR and the EPRI/URD also regularly communicate with each other. As stated above, the very early drafts of the EUR Documents were worked out in close connection with EPRI/URD. Since then, several comparison exercises were performed by the EUR organisation at the different stages of development of the EUR Document. The most recent detailed comparison was performed in 2010 by the EUR organisation. At that time, the URD Revision 10 and the EUR Revision C were compared. The output of this comparison work was one of the important technical inputs for the preparation of the Revision D project. More recently, when preparing the technical scope of the Revision E Project, EUR and URD exchanged some technical information regarding the integration of the Fukushima lessons learnt into the Utility requirements.
A strong connection of EUR organisation with IAEA is assured by having a EUR seat as "corresponding member" in some IAEA working groups such as NUSC. This enables EUR to be aware as soon as possible of the trends and of the new Regulatory issues and able to interact with their development.
CHALLENGES TO COME
In accordance with the EUR 2016-2018 roadmap presented in a previous section, the EUR organisation is now facing new challenges for the coming years:
• To issue the Revision E of the EUR Document in 2017, to communicate and develop training course on it in order to promote its use. This major revision is of prime importance for the future new build projects in Europe; • To perform new design assessments as the Vendors keep submitting applications to the EUR Organisation.
At the date of the paper, the two design assessments expected to be completed in 2017 are the EU-APR from South Korean KHNP and the VVER-TOI from Russian AEP. Other Vendors are in contact with EUR organisation in order to perform assessment of their design against EUR Revision E; • To keep improving nuclear industry through its requirements by preparing the scope of a new revision and identifying innovations, which could improve reactor competitiveness in the future. Driven by the interest of the nuclear industry, the work and promotion of the EUR requirements within Europe and worldwide will continue.
CONCLUSION
This paper has summarised the main results obtained by the EUR organisation over the last years. The development of the safest and the most competitive designs remain the highest priority for new nuclear build projects all over the world and in Europe in particular. In order to achieve this goal, the EUR organisation will keep on developing harmonised and standardised Utility requirements, which are based on a solid design, licensing and operating experience throughout Europe.
